Journal of the Air & Waste Management Association

ISSN: 1096-2247 (Print) 2162-2906 (Online) Journal homepage: https://www.tandfonline.com/loi/uawm20

Taylor & Francis

Taylor & Francis Group

A comprehensive study on landfill site selection
for Kolkata City, India

Koushik Paul, Amit Dutta & A.P. Krishna

To cite this article: Koushik Paul, Amit Dutta & A.P. Krishna (2014) A comprehensive study on
landfill site selection for Kolkata City, India, Journal of the Air & Waste Management Association,
64:7, 846-861, DOI: 10.1080/10962247.2014.896834

To link to this article: https://doi.org/10.1080/10962247.2014.896834

@ Accepted author version posted online: 07
Mar 2014.
Published online: 24 Jun 2014.

N
CJ/ Submit your article to this journal

||I| Article views: 4040

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

@ Citing articles: 13 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=uawm?20


https://www.tandfonline.com/action/journalInformation?journalCode=uawm20
https://www.tandfonline.com/loi/uawm20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10962247.2014.896834
https://doi.org/10.1080/10962247.2014.896834
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10962247.2014.896834
https://www.tandfonline.com/doi/mlt/10.1080/10962247.2014.896834
http://crossmark.crossref.org/dialog/?doi=10.1080/10962247.2014.896834&domain=pdf&date_stamp=2014-03-07
http://crossmark.crossref.org/dialog/?doi=10.1080/10962247.2014.896834&domain=pdf&date_stamp=2014-03-07
https://www.tandfonline.com/doi/citedby/10.1080/10962247.2014.896834#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/10962247.2014.896834#tabModule

TECHNICAL PAPER

A comprehensive study on landfill site selection for Kolkata City, India
Koushik Paul,’"** Amit Dutta,” and A.P. Krishna®

1Department of Civil Engineering, BIT Mesra, Ranchi, Jharkhand, India

2Department of Civil Engineering, Jadavpur University, Kolkata, West Bengal, India

3Department of Remote Sensing, BIT Mesra, Ranchi, Jharkhand, India

*Please address correspondence to: Koushik Paul, Department of Civil Engineering, BIT Mesra, Ranchi 835215, Jharkhand, India; e-mail:
koushik_p77@yahoo.co.in

Kolkata is one of the four major metropolitan cities in India and the capital city of the state of West Bengal. With an area of 187.33
km? and a population of about 10 million (including a floating population of about 6 million), the city generates about 3500 Metric
Ton (MT) of solid waste per day. Currently, Kolkata Municipal Corporation (KMC) disposes its waste at Dhapa (21.47 ha), where the
disposal rate exceeds 3000 MT/day, and at Garden Reach (3.52 ha), where the disposal rate is 100 MT/day. Considering the
exhaustion of Dhapa land space, city planners are urgently searching for an alternate disposal ground. National Environmental
Engineering Research Institute (NEERI), under the sponsorship of Central Pollution Control Board (CPCB), has brought out
literature developing the site selection criteria for municipal solid waste disposal ground to suit Indian conditions. The developed
criteria encompass environmental conditions, accessibility, geological and hydrogeological conditions, and ecological and societal
effects. This paper attempts to locate the most suitable site for disposal of KMC area solid waste using the multicriterion decision
analysis as stipulated in CPCB 2003 guidelines and the overlay analysis of geographic information system (GIS).

Implications: The paper is based on landfill site selection for dumping of solid waste generated within Kolkata Municipal
Corporation (KMC) area. The methodology uses GIS/remote sensing, Site Sensitivity Index (an offshoot of pairwise comparison
technique developed in CPCB 2003 guidelines, Government of India), and the Delphi technique. Dhapa landfill site, where solid
waste of KMC area is currently being disposed, is exhausted; the authors of this article thus found it relevant to carry out a research on
the selection of an alternative landfill site. The study undertaken was comprehensive, yet presented in a lucid way so that

policymakers will find easy to comprehend.

Introduction

Kolkata has an area of about 187.33 km? and a population of
about 10 million (including floating population). Kolkata
Municipal Corporation (KMC) comprises 15 “boroughs” and
141 electoral “wards”; each borough consisting of a cluster of
wards. It currently generates a total of 3500 Metric Ton (MT) of
solid waste per day. At present, total collection points are around
662, including 228 container points, 46 direct loading, and 388
vat points/open space. As per National Environmental
Engineering Research Institute (NEERI) 2005 report, the waste
has the following characteristics listed in Table 1.

From the vat/container points both departmental (i.e., KMC)
and private vehicles pick up the daily garbage and transport it to
the disposal ground (Chattopadhyay et al., 2009). A mechanized
compost plant of 700 t/day capacity was installed at Dhapa by
KMC in April 2000 in collaboration with M/s Organic Fertilisers
(India) Pvt. Ltd. and M/s Excel Industries. However, the plant is
almost nonfunctional now, owing to the high fraction of inert
materials in the commingled waste.

In Kolkata, the major disposal ground is Dhapa (21.47 ha),
located in the eastern side of the city. It receives about 3000 MT
of solid waste per day. Another site at Garden Reach (3.52 ha)

receives about 100 MT of solid waste per day. Both the sites
practice open dumping, without any liner/leachate management
facility or gas management system. Waste is simply spread at the
landfilling sites by the dumpers without any compaction. KMC
spends 70-75% of its total budgetary allocation on collection of
solid waste, 25-30% on transportation, thus leaving a meager
5% on final disposal (Chattopadhyay et al., 2009). About 10% of
disposed waste is recycled by rag pickers who carry out their
activities at vat points and landfill sites in an unorganized,
unhygienic way, without any government support. As of now,
there is no source segregation system in KMC area. Large
amount of recyclables can be removed at the source points itself,
if source segregation is practiced. This saves cost of transporta-
tion, saves land space used up in landfill, and promotes success-
ful treatment of solid waste.

With the exhaustion of Dhapa landfilling site, municipal
engineers are focusing their attention on selecting an alternate
landfilling site at the earliest. However, with the increased popu-
lation density and urban infrastructure, several key considera-
tions are to be taken into account to ensure its overall
sustainability, and optimized siting and operations. Siting deci-
sions are governed by the preexisting land use dynamics of the
urban areas as well as the nature of the potential interactions of
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Table 1. Physical and chemical characteristics of municipal solid waste in Kolkata during 2005

Physical Parameters® Percentage Chemical Parameters® Percentage
Biodegradable 50.56 Moisture 46

Green coconut shells 4.5 pH 0.3-8.07
Paper 6.07 Loss on ignition 38.53
Plastics 4.88 Carbon 22.35
Metals 0.19 Nitrogen as N 0.76
Glass and crockery 0.34 Phosphorus as P,05 0.77
Coal — Potassium as K,O 0.52
Inert 29.6 C/N ratio 31.81
Others (bioresistant and synthetic material) 3.86 Calorific value (kcal/kg) 1201

Notes: *All values of physical parameters are in percent by wet weight. °All values of chemical parameters are in percent by dry weight except pH and calorific value.

the landfill with the environment, and geological, hydrogeologi-
cal, and socioeconomic parameters of the adjoining area. The
locations must comply with the requirements of existing govern-
mental regulations (as stipulated in Central Public Health and
Environmental Engineering Organisation [CPHEEO] Manual
on Municipal Solid Waste Management [2000] and Central
Pollution Control Board [CPCB] 2003 guidelines) and at the
same time must minimize economic, environmental, health, and
social cost (Sumathi et al., 2008).

Theory and Methodology

CPHEEO, Government of India, in its Manual on Municipal
Solid Waste Management (May 2000) has listed the locational
criteria of landfill site selection.

CPCB (February 2003) literature has selected a set of 32
attributes for calculating an integrated index, known as Site
Sensitivity Index (SSI) for ranking municipal solid waste
landfill sites. The selected attributes are grouped into seven
categories—accessibility, receptor, environmental, socioeco-
nomic, waste management practices, and climatological and
geological criteria. Each of the 32 attributes has an indivi-
dual sensitivity index. The index scale ranges from 0 (indi-
cating no or very less potential hazard) to 1 (indicating
highest potential hazard). Thus, for each attribute a four-
level sensitivity scale (0-0.25, 0.25-0.5, 0.5-0.75, and
0.75-1.0) has been considered. The site sensitivity value
for each attribute needs to be selected through the Delphi
technique. CPCB 2003 literature has already assigned fixed
weights to each category, in accordance with its importance,
based on pairwise comparison technique. Within a category,
the weights of each attribute have also been assigned by
CPCB (2003) following the same procedure of pairwise
comparison. The researchers endeavor to locate the best
landfill site for Kolkata City, abiding by the guidelines and
parameters laid down by CPHEEO (2000) and CPCB
(2003). The method is well illustrated in the calculations of
SSI of potential candidate sites (shown later in this paper).

The siting of a solid waste landfill must involve processing of
a significant amount of spatial data, regulations, and acceptance
criteria, as well as an efficient correlation between them. In
recent years, geographic information system (GIS) has emerged

as a very important tool for land use suitability analysis. GIS can
recognize, correlate, and analyze the spatial relationship between
mapped phenomena, thereby enabling policymakers to interlink
disparate sources of information, perform sophisticated analysis,
visualize trends, project outcomes, and strategize long-term
planning goals (Sumathi et al., 2008). With the evolution of
remote sensing and GIS techniques, several researchers have
focused their application in a multicriterion decision analysis
situation such as landfilling site selection. The researchers
include Natesan and Suresh (2002), Patil et al. (2002),
Nishanth et al. (2010), Raghupati (1999), Sener et al. (2010),
Despotakis and Economopoulos (2007), Yagoub and Buyong
(1998), and Kara and Doratli (2012).

The present study attempts to locate the most suitable landfill
site for solid waste generated in Kolkata City, following the laid
down guidelines in CPCB (2003) and CPHEEO manual
(CPHEEO, 2000) based on a multicriterion decision analysis
(SSI) and overlay analysis of GIS. A study area including
KMC area and parts of adjoining North and South 24 Parganas
districts bounded by 88°E to 88°45'E and 22°N to 22°45'N was
selected, within which potential landfilling sites need to be
located. It is quite natural that the densely populated, built-up
area of KMC does not have any vacant land area for waste
disposal; thus, the search of landfill areas had to be concentrated
on the adjoining districts of Kolkata—North and South 24
Parganas. The western fringe of Kolkata is bounded by the
river Hoogly; it was decided that wastes will not be transported
over the Hooghly River to Howrah Municipal Corporation
(HMC) area. Thus, the western boundary of the study area is
practically demarcated by the Hoogly River. The study area is
demarcated in Figure 1.

Size of landfilling site required

One of the primary tasks was to fix the size of the landfill site;
it was decided that the site must be capable of receiving wastes
for at least 30 years (from 2012 to 2041)—in order that the
project becomes economically viable. To determine the area of
the site, the researchers thus needed to collect and/or process the
following data:

e Know the fixed/resident population and the floating popula-
tion within KMC area.
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the study area

Legend
—— KMC boundary

Figure 1. Location map of the study area. (Left) LISS-III image with KMC area demarcated. Vegetation: dull red/pink; Settlement/towns: bluish; Water bodies: cyan,
blue; Fallow land: bluish/greenish gray. (Right) Map of West Bengal showing location of Kolkata.

Collect and process data of yearly/decadal increase trends of
fixed/resident and floating population and extrapolate it for
next 30 years.

Collect information regarding solid waste generation rate of
resident population and waste generation rate of floating
population and predict their trends over a span of next 30
years.

The 1899 Calcutta Municipal Act defined the administrative
domain of the municipal authority as covering 25 wards and 48.5
km?. Many boundary changes followed; the latest one being in
January 1984 when boroughs XI-XV were annexed (*).

Census of India 2011 data in KMC area is shown in Table 2.

Thus, as per Census 2011, the fixed/resident population of
Kolkata actually decreased by —1.88% during 2001-2011. We
are assuming that the resident population will increase, at the
worst, at 1% per decade during the next 30 years.

Floating population comprises (a) persons who come from
nearby districts everyday and return at the end of days’ work; and
(b) migrants from inside the state/outside the state/outside the
country, who may stay in the city for some period of time. A

Table 2. Excerpts from Census 2011 data for KMC area

Resident
Year Population Decadal Increase ~ Annual Increase
1951 2,698,494
1961 2,927,289 8.5% 0.85%
1971 3,148,746 7.6% 0.76%
1981 3,305,006 4.9% 0.49%
1991 4,399,819 33.1%* 3.31%*
2001 4,572,876 3.9% 0.39%
2011 4,486,679 —1.88% —1.88%

large portion of the floating population hails from the adjoining
districts of North 24 Parganas and South 24 Parganas. Table 3
shows Census 2011 data for North and South 24 Parganas.

The above trends show decrease in the population growth rate
in both districts since 1991. As per Jawaharlal Nehru National
Urban Renewal Mission (INNURM) literature, City Assessment:
Analysis of the Existing Situation, migrant population, which
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Table 3. Excerpts from Census 2011 data for North 24 Parganas and South 24 Parganas districts

District Census Year Population Decadal Increase Annual Increase
North 24 Parganas 1991 7,281,881 31.7% (over 1981) 3.17%
2001 8,934,286 22.69% 2.26%
2011 10,082,852 12.86% 1.28%
South 24 Parganas 1991 5,715,030 30.2% (over 1981) 3.02%
2001 6,906,689 20.85% 2.085%
2011 8,153,176 18.05% 1.80%

constitutes a part of floating population, has shown a decreasing
trend from 1971 onwards. We assume, with time, job opportu-
nities adjoining KMC areas will increase in the future and hence
the rate of increase in floating population of KMC area is
assumed to be 0.8% per year for the period of next 30 years.

CPCB 2003 literature (HAZWAMS/22/2002-03) has
assumed rate of increase of solid waste equivalent to India’s
gross domestic product (GDP) growth rate. Chattopadhyay
et al. (2009) depict an annual increase of municipal solid waste
disposal at Dhapa by 3-5% during the past few years. An
assessment report for Dhapa disposal site, Methane to Markets,
prepared for KMC under the support of U.S. Environmental
Protection Agency by SCS Engineers (Wayne, New Jersey,
USA) in April 2010 has estimated the yearly disposal of solid
waste at Dhapa dumping ground since 1981. It predicted that
“the future disposal rates are assumed to increase at a rate of two
percent per year starting from 2009 disposal rate of 3500 MT /
day...”” We assume an annual increase of 3.0% for resident
population and an increase of 2% for the floating population.

As per KMC Web site, floating population within KMC area
is about 5.5—6 million (including slum population of about 1.5
million), whereas fixed population is 4,580,544 (based on 2001
census). Solid waste generated per day (as per 2003 data) is 2500
MT/day. As per Ministry of Environment and Forests (MoEF)
report (2009), municipal solid waste (MSW) generated in
Kolkata is 2653 MT/day at 0.58 kg/capita/day during
2004-2005. Understandably, they have not considered fixed/
resident and floating population separately.

Assuming that in 2011 the MSW generation rate is 450 gcpd
(gram per capita per day) for resident population of 4,486,679 and
250 gepd for floating population of 6.0 million (Chattopadhyay
et al., 2007), the total amount of solid waste generated/day =
4,486,679 x 0.45 + 6,000,000 x 0.25 kg/day = 3519 MT/day.

Density of MSW generated is taken as 450 kg/m® and moist-
ure content as 46% (Chattopadhyay et al., 2009). Let us assume,
after compaction in landfill site by bulldozers and after mon-
soon, the density increases to 1000 kg/m>. Based on our experi-
ence at Dhapa, landfill height is assumed as 25 m in our
calculation. A continuous slope of 3 (horizontal) to 1 (vertical)
has been assumed in calculating “Landfill area, cumulative, ha.”
An extra 15% area has been added to the computed area for
accommodating support and infrastructural facilities such as site
office, access roads, workshop, etc.

The huge landfill area has been assumed to be shape of
frustum of a cone (although the exact shape may be irregu-
lar), having a slope of 3:1. Let the radius at the base be R m

and the radius at top » m. Formula for volume of frustum is
V = 1/30h(R* + r* + Rr), where R is the bottom radius and
r is the top radius. Input ¥ = 62,717,220,000 kg/1000 kg/m>
= 6,2717,220 m3; r = (R — 75) m; h = 25 m. Solving the
equation for volume, R = 918 m. Hence, base area = nR* =
2,646,948 m* = 264 ha. Taking 1 % extra area for vehicle
workshop, site offices, etc., total area required for 30 years’
landfilling comes out at 300 ha (see Table 4). Thus, we
would require an area of about 300 ha for disposal of solid
waste from 2012 to 2041.

We are not incorporating the contribution of any waste treatment
plant in our calculation, since no such plant is functional as on date.

Preparation of thematic map layers

Survey of India toposheets (1:50,000) were used as base
maps. Various layers of thematic maps were extracted, digitized,
and analyzed in ArcGIS environment (list of map layers created
is given in Table 5). A coordinate system was chosen and all
maps were georeferenced first so as to make overlay analysis
possible at a subsequent stage. However, considering the fact that
these Survey of India toposheets dates back to 1950s to 1980s,
updating of various thematic layers had to be carried out using

e Google Earth: Google Earth images were used to update the
thematic layers extracted from Survey of India toposheets.

e Bhuvan/Indian Space Research Organisation (ISRO) Web
site: Point/Line/Polygon features can be digitized directly
from Bhuvan Web site and converted to shapefiles automati-
cally. This was used in some cases for modifying/updating
layers in ArcGIS.

e Wikimapia: This Web site also provided valuable data in
modifying/updating the thematic layers extracted from
Survey of India maps.

Thematic map layers were extracted from Survey of India
toposheets and other authentic sources (Table 5), georeferenced,
clipped to the study area, digitized to a shapefile, and overlaid over
one another for subsequent analysis. Relevant but detailed attribute
data were included in attribute tables of all of these map layers.

Buffer maps for rivers, wetlands, critical habitat areas/reserve
forest, road and rail network, floodplains, habitation, and airport
were created using buffer values stipulated in “Remarks” column
of Table 5 and then all the buffered areas were joined. The
remaining portions within the study area gave a preliminary idea
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Thematic Map Layers Created

Data Source(s)

Remarks

Wind speed and wind direction

Permeability

Proposed KMA (Kolkata
Metropolitan Area) Vision 2025
Masterplan residential/city/

industrial centers
Slope and elevation

Depth of water table

Rainfall map layer and P/E ratio

Wasteland

Geology and mineral

Fault

Seismic zone

Hydrogeological

Regional Meteorological Centre, Kolkata, and M/s
Envirotech East Pvt. Ltd., Kolkata

National Bureau of Soil Survey and Land Use
(NBSS&LUP, ICAR) paper maps and literature
KMA Vision 2025

SRTM DEMs and ASTER DEMs, National Atlas
and Thematic Mapping Organisation, NATMO
thematic paper maps

Central Ground Water Board (CGWB)
(post-Monsoon 2009) maps

Precipitation maps obtained from NATMO

Wasteland Map of West Bengal compiled by
National Remote Sensing Centre (NRSC),
ISRO

District Resource Map of Geological Survey of
India (GSI)

Seismotectonic Atlas of India and Its Environs
(GSI publication)

Vulnerability Atlas (Building Materials &
Technology Promotion Council)
NATMO maps, West Bengal Public Health

Engineering Department Web site, CGWB Web

site

This layer was used to predict “Climatic conditions
contributing to air pollution” attribute in SSI
calculation.

Gives an insight into government plans of location of
proposed townships/cities/industrial centers.

Slope of the study area is mostly within 0—1% and
elevation between 0 and 10 m.

Most of the study area has a water table within 10 m
below ground level. As per CPHEEO 2000
guidelines, a landfill should not be constructed
where ground water table is at a depth lesser than 2
m.

The study area receives 1400—1600 mm of annual
average rainfall.

Hardly any wasteland can be distinguished within the
study area.

Geology and mineral map layer showing detailed
geological/lithological strata of the study area was
prepared from District Resource Map of
Geological Survey of India. Low-lying alluvial
plains comprising Holocene deltaic and estuarine
sediments characterize this zone. Three different
deltaic plains sculptured by fluvial, estuarine, and
tidal processes have been identified. Grayish-
black, muddy and clayey mature sediments of
migrating meandering channels and mid-
Holocene tidal mudflat sediments have been
designated as Dum Dum formation. It covers
Murshidabad, Nadia, and parts of North 24
Parganas. Grayish-black muddy sediments of
estuary deltaic origin can be located around
Kolkata and is designated as Kolkata Formation
(late Holocene age), which covers parts of Nadia,
North and South 24 Parganas, Hoogly, and
Howrah. Immature deltaic sediments, grayish-
black, sticky fine sand-silt-clay-mud and
constituting a tidal-estuary-delta, have been
recognized as Sunderban Formation of Late
Holocene period (Vaidyanadhan and Ghosh,
1993).

As per CPHEEO 2000 guidelines, a landfill should
not be constructed in an unstable zone. A few
subsurface faults are present within the study area.

The study area falls within Zone III and Zone IV.

Three types of hydrogeological map layers were
prepared—aquifer types, regions of concentration
of deep/shallow tubewells, and arsenic-
contaminated areas. Several administrative blocks
near Indo-Bangladesh border areas have ground

(Continued )
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Thematic Map Layers Created

Data Source(s) Remarks

Mineral
Soil

Geomorphology
River
Wetlandspolyline

Wetlandspolygon

Airport

Reserve forest

Floodprone areas

LULC (land use land cover)

Census data

Road and rail network

Landfill

water contaminated with arsenic. The arsenic map
layer was useful to determine the sensitivity index
of “Contamination” and “Water Quality”
attributes.

No mineral is present within the study area.

Attributes such as soil texture, surface flooding,
salinity, slope, depth of soil, and erosion tendency
for different soil classes are given in NBSS&LUP
literature; they were linked with spatial data.

As per CPHEEO 2000 guidelines, no landfill should
be constructed within a 100-year flood plain.

Survey of India toposheets and NATMO maps and As per CPHEEO 2000 guidelines, no landfill should
updated/modifying from Google Earth be constructed within 100 m of a navigable river.

Survey of India toposheets and updated with the help The study area is crisscrossed by hundreds of canals/
of Google Earth/Bhuvan

Survey of India toposheets, maps from NRSC,
ISRO, and updated from Bhuvan

Paper maps from GSI
Paper maps NBSS&LUP, ICAR

District Resource Map, GSI

creeks/khals/wastewater outfalls/distributaries.

No landfill can be constructed within a wetland and it
should not be within 200 m of a major pond/lake.
The study area also has several ponds/lakes/tanks/
swamps/marshes/waterlogged areas—a few of
which such as the East Kolkata Wetlands are
legally demarcated.

Kolkata has an international airport at Dumdum and a
flying club at Behala. A buffer of 20 km around the
international airport was created and the potential
landfill sites were excluded from that area. As per
existing norms, no landfill site can come up within
20 km of an airport.

On the southwestern side of the study area, there is
Sunderbans Reserve Forest—a critical habitat
area. As per government rules, a landfill site
should not within a critical habitat area.

Several low-lying areas in the study area are flood-
prone.

Survey of India toposheets

Survey of India toposheets and NATMO maps

Paper maps from Vulnerability Atlas (BMTPC)

LULC images from Bhuvan, ISRO Web site. This
was overlaid with Survey of India maps, NATMO
maps, and LISS-III (Linear Imaging Self
Scanning Sensor) images.

Data from Census of India office Used to demarcate urban/semiurban/rural areas,
population centers. A landfill site should be at
least 500 m from a notified habitable area.

As per CPHEEO 2000 manual, a landfill cannot be
constructed within 200 m of a state or national
highway.

After overlaying all the map layers and carefully
examining them as per CPCB 2003 and CPHEEO
2000 guidelines, a landfill layer consisting of four
potential landfill sites was created. Each landfill
site was hyperlinked with their corresponding
Google Earth/Wikimapia image address, such that
whenever a site is clicked using “Hyperlink™ tool,
the relevant area automatically zooms up in
Internet.

A layer of road/rail network was created using
Survey of India maps, NATMO maps, and
Google Earth.
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Built-up settlement areas within study area

Figure 2. Built-up settlement areas within study area.

about possible locations of candidate sites. A few of the thematic
layers created using GIS software are shown in Figures 2—7.

Selection of potential sites

From the analysis of the GIS map layers, four potential sites
of approximately 300 ha were shortlisted based on the following
factors:

e Sites were near a main road.

e The potential sites were selected such that they were within
economical distance from point of generation.

e Areas liable to floods, landslides, and earthquakes were
avoided.

e Areas where ground water contamination can occur in future
were avoided.

e Present and future land use and ease in land acquisition were
taken into account.

e Military exclusion zones and mineral quarries were avoided.

e Potential sites were at least 20 km away from Dum Dum
Airport.

N
A‘L
Legend
*  District HQ
® Block HQ
¢ Village with population > 7000
e Towns

4 Police Station/Police HQ

4% Proposed Townships
I Rural Settlement

I Urban Settlement

Projection System: WGS 1984 UTM Zone 45N

0 5 10 20 30
. e Kilometers

Next, visits to the four potential sites were undertaken to
scrutinize the sites for detailed data (which may be required
during ranking of the sites using SSI), match the GIS layers
with ground truth data, and investigate possible elimination of
any site(s). Photographs of the sites were taken for future
reference.

Finally, comparison and ranking of the four candidate sites were
carried out using SSI, as depicted in Table 6. Sensitivity index using
the Delphi technique was calculated for each of the attributes using
data obtained from the GIS map layers and the site visits; a panel of
six specialists was involved to calculate the sensitivity index values
of the attributes through the Delphi technique.

Results and Discussion

The site with the lowest SSI score will be less sensitive, i.e.,
there will be lesser impact on the environmental quality due to
the disposal site and hence is the most acceptable. The site
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Depth of water table within study area
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Figure 3. Depth of water table within study area.

Landuse land cover within study area
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Figure 4. Land use land cover within study area.
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Rivers and Wetlands within the study area
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Figure 5. Rivers and wetlands within study area.
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Airport and road-rail network within study area
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Figure 6. Airport and road-rail network within study area.
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Soil layer within study area
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Source: NBSS & LUPR, ICAR

Figure 7. Soil layer within study area.

suitability will decrease with increase in total SSI score. As per
CPCB 2003 guidelines, sites with <300 score are highly prefer-
able, 300-750 moderately preferable, whereas >750 are
undesirable.

As per the calculation tables, SSI of site 3 (Bodura-
Khargachi) is the lowest and hence it is the most acceptable.
However, site 4 is nearer to KMC area and land use land cover
(LULC) data depict one-season Zaid cultivation, unlike the other
sites where double/triple-crop plantation is practiced. Also site 4
is at the southern tip; thus, solid wastes of southern part of KMC
area can be easily directed there.

Kolkata city spans almost 20 km north-south and 22 km east-
west, having a vast network of narrow roads with vats located at
various locations within the city. Most KMC-owned collection
vehicles are nearly 10 years old, whereas KMC-hired vehicles
are 20 years old. Under such circumstances, the option of divid-
ing Kolkata into three zones and directing the MSW generated
from each zone to three different sites—site 2, site 1/site 3, and
site 4, whichever is nearer to a particular zone, can also be
explored. This may reduce overall transportation costs and pol-
lution load on the city.

The study area is densely populated (Kolkata City has a
population density of 24,252 per km?; the density, however,
decreases at the adjoining districts), dotted with several towns
and villages; channels/creeks/swamps/marshes are common fea-
tures; farming is easy and profitable due to fertile alluvial land

Legend
B River/Waterbody [ W080
I w082 [ wo79
Kolkata [ Jwoss
[ woe3 [ Jwos3
[ woe4 [ Jwos1
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[ wo49 [ Jwos1

Projection System: WGS 1984 UTM Zone 45N
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Kilometers

(double/triple crop/orchards/plantations are common)—thus
finding a suitable landfilling site near KMC area with total
public acceptability will perhaps be impossible. Moreover, a
few sites near KMC area initially thought to be promising had
to be subsequently rejected, since they were found to be included
within the legal boundary of East Kolkata Wetlands demarcated
as per East Kolkata Wetlands (Conservation and Management)
Act, 2006.
Refer to Figure 8, which depicts the four shortlisted sites.

Conclusions

The study shows that GIS along with SSI, a multicriterion
decision analysis technique, are valuable decision-support tools
that can help policymakers locate the most suitable landfill site.
GIS combines spatial data with allied quantitative, qualitative,
and other attribute data, handles and correlates large volumes of
complex geographic data, and links disparate sources of infor-
mation. GIS coupled with remote sensing data provides an
excellent framework for data capture, storage, synthesis, analy-
sis, and display; GIS data can also be updated regularly to reflect
the real-time changes of attributes within the study area.

Accuracy of GIS models depend on quality of available data;
similarly, accuracy of site sensitivity index values of several
environmental, geological, and hydrogeological attributes
needs careful in situ site investigation tests as well as laboratory
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Location of landfill sites

" N

Figure 8. Location of landfill sites.

tests on samples collected from prospective sites. Thus, a geo-
graphic databank of the study area needs to be built first, fol-
lowed by site investigation studies as and when needed.
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